We study the success to describe hyperon semileptonic decays of four models that incorporate second-order SU (3) symmetry breaking corrections. The criteria to assess their success is by determining V us in each of the three relevant hyperon semileptonic decays and comparing the values obtained with one another and also with the one that comes from K l3 decays. A strong dependence on the particular symmetry breaking model is observed. Values of V us which do not agree with the one of K l3 are generally obtained. However, in the context of chiral perturbation theory, only the model whose corrections are O(m s ) and O(m 3/2 s ) is successful. Using its predictions for the f 1 form factors one can quote a value of V us from this model, namely, V us = 0.2176 ± 0.0026, which is in excellent agreement with the K l3 one.
I. INTRODUCTION
From the theoretical point of view, hyperon semileptonic decays (HSD) are considerably more complicated than pseudoscalar-meson semileptonic decays. The participation of vector and axial-vector currents in the former leads to the appearance of many more form factors. While in the latter not only less form factors appear, because only the vector current can participate, but also the theoretical approach to compute such form factors is under quite reasonable control [1] . These facts allow that the Kobayashi-Maskawa-Cabibbo matrix element V us be more reliably determined in the decays K + → π 0 l + ν l and K 0 → π − l + ν l than in HSD. An analysis of K l3 decays [1] yields V us = 0.2196 ± 0.0023. The inclusion of more refined SU(2) symmetry-breaking corrections leads to [2] V us = 0.2188 ± 0.0016 .
It is difficult to assess the success of the many calculations of SU(3) symmetry-breaking corrections to the form factors of HSD. Predictions that vary substantially from one another are obtained. An important selection of such calculations can be found in references [3] [4] [5] [6] . These are refined calculations that incorporated second-order symmetry breaking corrections to the leading vector form factor f 1 . However, a reliable knowledge of V us provides an opportunity to establish some criteria to discriminate between the several such calculations. If one uses them to determine V us from HSD, then -in addition to reproducing the experimental data reasonably well-the following two criteria must be satisfied:
(i) one must obtain a consistent value of V us in the relevant HSD, and (ii) this latter value of V us must also be consistent with its value of K l3 decays, Eq. (1).
With the currently available experimental information the relevant HSD to determine V us are Λ → peν, Σ − → neν, and Ξ − → Λeν [7] . This information in the form of decay rates, angular correlations, and spin asymmetries is collected in Table I . An alternative set of experimental data is constituted by the rates and the measured g 1 /f 1 ratios. However, this latter set is not as rich as the former and will not be used here.
In this paper we shall perform a detailed analysis of the success of the predictions of references [3] [4] [5] [6] for HSD through the values obtained for V us , as explained above. In Sec. II we shall briefly review the predictions of these references and we shall make the first determination of V us . In Sec. III we shall study the effect upon V us of the induced vector and axial-vector form factors f 2 and g 2 , respectively. This study will give us a more precise determination of V us . Sec. IV will be reserved for discussions and conclusions. Our main result will be that only the predictions of Ref. [6] satisfy criteria (i) and (ii), in accordance with the findings of a model independent analysis performed before [8] .
II. A FIRST DETERMINATION OF V us
We shall refer to the calculations of references [3] [4] [5] [6] as Models I, II, III, and IV, respectively. Our interest in them arises from the fact that in each of them not only first order but second-order SU(3) symmetry-breaking corrections to the leading vector form factor f 1 were calculated. In models I and III the corrections to the leading axial-vector form factor g 1 were also produced. The approaches and/or approximations used in going from one model to another are quite different. In Model I a relativistic quark model was used. Model II made use of chiral perturbation and included corrections of O(m s ). Model III relied on the non-relativistic quark and bag models and included both wave-function mismatch and center of mass corrections. A similar approach treating solely center of mass corrections was analized in Ref. [9] . Model IV followed the lines of Model II but it incorporated the more refined corrections of O(m 3/2 s ). The corresponding predictions for f 1 are reproduced in Table II . They are displayed in the form of ratios
predicted by Models I and III are displayed in Table III . The symmetry limit values f 1
and g 1 SU (3) correspond to the conserved vector current hypothesis (CVC) and the Cabibbo theory predictions, respectively. A review of this last can be found in Ref. [10] .
For our analysis we shall include radiative corrections and the four-momentum transfer contributions of the form factors. The detailed expressions are given in Ref. [10] . None of the four models give the predictions for f 2 and g 2 . In this section we shall assume for the several f 2 their CVC predictions and we shall keep each g 2 equal to zero, in accordance with the assumption of the absence of second-class currents. The other two induced form factors f 3 and g 3 can be safely ignored in the three decays we consider, because their contributions are proportional to the electron mass.
With this last information we can already make the first determination of V us with Models I and III. The values obtained are given in Tables IV and V, respectively. We show in these tables the values of g 1 used, but this time normalized with respect to f 1 . The effects of considering only center of mass corrections in Model III, as discussed in Ref. [9] , have been displayed in the entries within parentheses of Table V. In the case of Models II and IV we do not have the corresponding predictions for the g 1 's. We shall leave each one as a free parameter and then the results of Tables VI and VII are obtained. In order to make a comparison on an equal footing of the four models we also leave the g 1 's as free parameters with Models I and III. Tables VIII and IX are thus obtained.
Let us now look into the results obtained. The f 1 and g 1 form factors predicted by Models I and III lead to values of V us that differ from one decay to another by more than three standard deviations, as can be seen in Tables IV and V . That is, criterion (i) above is not satisfied. In contrast, Models II and IV do lead to values of V us in Tables VI and VII that in each model are consistent with one another within a little bit more than one standard deviation. When the g 1 's are free parameters the new determinations of V us of Models I and III given in Tables VIII and IX become consistent in each model, too. The criterion (i) is satisfied by the four models when the g 1 's are allowed to be free parameters. The calculated g 1 's of Models I and III seem to be ruled out by criterion (i). This is also confirmed by the high χ 2 obtained when the g 1 's are fixed. However, in Model III when only center of mass corrections are considered the χ 2 of Λ → peν is remarkably lowered although the value of V us obtained is increased with respect to the case when the wave-function mismatch corrections are included.
Concerning criterion (ii), we see that Models I, II, and III give values of V us that are systematically higher than the K l3 value of Eq. (1) close to three standard deviations in some cases or more than three in other cases. In contrast, Model IV gives systematically values of V us that are lower than Eq. (1) . These values, however, are pretty close to Eq. (1).
The high χ 2 in Λ → peν in Tables IV and V is due mainly to α eν and α ν , whereas in Tables VI-IX it comes mainly from α e and α ν . In the case of Σ − → neν the χ 2 is also high and comes mainly from α ν and α B . Even when the g 1 's are used as free parameters, despite the appreciable lowering of χ 2 , a still rather high χ 2 remains in Λ → peν and Σ − → neν. Before drawing conclusions, it is important to consider the effect the induced form factors f 2 and g 2 have upon the determination of V us and χ 2 . This we do in the next section.
III. EFFECT OF THE INDUCED VECTOR AND AXIAL-VECTOR FORM FACTORS
None of the four models under consideration here produced predictions for f 2 and g 2 . Nevertheless, it is necessary to study their relevance in determining V us . We shall allow them to be free parameters, since inasmuch as they help reduce χ 2 we may expect that experimental data, which certainly know of symmetry breaking corrections, will force them to move into the correct direction.
The CVC contributions of f 2 are already first-order symmetry breaking contributions to the experimental observables of Table I . Accordingly, one should only consider first-order symmetry breaking of such CVC predictions in order to take into account the second-order contributions of the f 2 . It is reasonable to allow the f 2 's to vary only up to 20% around the CVC values. This we shall do in steps, first by changing the f 2 's by ±10% and keeping them fixed while redoing the fits of the previous section and next by changing them by ±20% and repeating the whole procedure.
The results of this analysis are that practically no observable effects upon the values of V us are seen to occur. Only the fourth digits are changed, without even affecting third digits by rounding up. There is no need to produce new tables with such negligible changes.
Due to the absence of second-class currents, the g 2 are all zero in the symmetry limit. They will be rendered non-zero by SU(3) symmetry breaking. As in the case of the f 2 , the first-order corrections to them will amount to second-order contributions to the observables. We shall introduce fixed values of the g 2 's first of ±0.10 and next by ±0.20 and redo all the fits of Sec. II. These changes seem to be of reasonable size according to the estimations of Refs. [11] and [12] . The g 2 's do lead observable changes.
Models I and III with f 1 and g 1 fixed at their predictions give values of V us in Λ → peν that come closer to Eq. (1), but still with high χ 2 -meaning that the corresponding experimental data are not satisfactorily reproduced. Also the dispersion of the values of V us from the three decays, although somewhat mitigated is not corrected either. All this is collected in Tables X and XI. The effect of dropping the wave-function mismatch corrections of Model III is displayed in the entries within parentheses of Table XI . Again an appreciable lowering of χ 2 is seen in Λ → peν and also in Σ − → neν, but at the expense of increasing V us with respect to the corresponding values of V us when such corrections are included.
When the g 1 's are allowed to vary then Models I and III improve their agreement with experiment, the corresponding χ 2 's are noticeably reduced. This can be seen in Tables XII  and XIII . But the values of V us are increased to the extent that none is any longer compatible with Eq. (1). This situation repeats itself for Model II in Table XIV . In contrast, the values of V us obtained with Model IV are fairly stable with respect to changes of g 2 . Actually, as seen in Table XV they tend to increase with respect to the corresponding entries of  Table VII , which is in the right direction towards Eq. (1).
Concerning the agreement with experiment we observe that a further lowering to an acceptable value of χ 2 is obtained in Σ − → neν as an effect of a non-zero g 2 . However, this lowering is not observed in the χ 2 of Λ → peν, which remains at around 10 through Tables XII -XV. This effect may be due to some experimental inconsistency of the value of α ν , which contributes 7 to χ 2 , with the other asymmetries. If this α ν is left out the same V us is obtained along with practically the same error bars. For example, with the f 1 of Model III and with variable g 1 /f 1 , one obtains V us = 0.2220 ± 0.0035, 0.2261 ± 0.0035, and 0.2302 ± 0.0035 for ∆g 2 = −0.20, 0.0, and +0.20, respectively. The corresponding χ 2 's are 4.30, 4.1, and 4.0, which represents a considerable reduction with respect to the corresponding χ 2 's in Table XIII ; these new χ 2 's indicate a very good agreement with other four observables in Λ → peν. The same pattern repeats itself when α ν is left out in the comparison of the other models. In view of this situation we shall keep the several tables as they are. The high χ 2 of Λ → peν should serve as a remainder that some problem exists in this decay. It is not idle to insist that new measurements in this decay should be most welcome.
The combined effect of simultaneous changes of f 2 and g 2 leads to the same results of Tables X -XV, except for minor changes in the fourth digits of the several values of V us . Again there is no need to produce tables to show this. Let us pass to the last section.
IV. DISCUSSION AND CONCLUSIONS
Throughout our study, we notice that the values obtained for V us are very model dependent. We also notice that, except for one model, the values of V us are inconsistent with each other within the same model. These observations render inadmissible to quote a consistent average value from HSD.
However, since the dispersion of the values of V us in each of the three decays is mitigated in all the models when one allows the g 1 to be free parameters, one may quote an average value of the V us obtained with each model by selecting the appropriate sign of ∆g 2 that lowers most the corresponding χ 2 . That is, we accept that criterion (i) is more or less satisfied by each model. These averages are collected in Table XVI . We have also included there the averages of the case ∆g 2 = 0. This last table allows us to better appreciate how criterion (ii) is satisfied or not.
Looking at the averages obtained for V us with each model, one readily sees that Models I, II, and III are far from satisfying criterion (ii), while Model IV satisfies it remarkably well. From this point of view, it becomes very clear that the criteria discussed in the introduction indeed serve as quite stringent discriminating tools between different models and/or approximations. Our main conclusion in this regard is that of the four models that provide second-order symmetry breaking corrections to the f 1 's only Model IV of Ref. [6] is acceptable.
This conclusion allows us to quote the best value of V us that can be obtained from Model IV, namely,
Since this value is statistically in very good agreement with the K l3 one of Eq. (1), we can average both and get
The determination of V us in Eq. (2) is quite acceptable in the light of the model independent analysis of Ref. [8] . Although we have committed ourselves with the predictions of Model IV for the f 1 's, the rest of the form factors was dealt with in a model-independent fashion.
This last remark brings us to our closing comments. One cannot yet consider the theoretical issues as closed. It is most important that within the same Model IV used to calculate the f 1 's the other relevant form factors be also computed. The values displayed for these form factors in Tables VII and XV may provide useful guidance for this enterprise. Our analysis of Sec. III shows that detailed values of the f 2 's are not relevant and thus these HSD do not provide useful guidance for their calculation. It should be found elsewhere. Also, as pointed out in Ref. [13] a viable model of SU (3) 
